Introduction
The cattle feedlots (FL) generally cause an imbalance of soil nutrients, particularly of nitrogen (N), increasing the N concentration in soil surface, which may eventually lead to water, air and soil contamination (Ball et al., 1979; Núñez et al., 2007) . The FL has become an extensively-used practice over the last years in the livestock farms of Argentina as a beef production alternative, existing, back in 2009, 1687 FL that contain 1 703 676 head of cattle (SENASA, 2009 ).
Under these systems, with high stocking rate, the return of excretions and loads of nutrients per surface are excessive.
Feedlot animals excrete about 60 to 80% of consumed N in urine and 20 to 40% in faeces, depending on the diet (Bierman et al., 1999; Van Horn et al., 1996) . Fecal N contains 50% of organic N and 50% of ammonium, whereas urine contains up to 97% as urea, which is easily converted to ammonium upon contact with urease, a ubiquitous enzyme present in soils (Mobley et al., 1995; Mobley and Hausinger, 1989) . In addition, the hydrolysis of urea produces OH -, which temporarily raises pH (Whitehead, 1989; Sherlock and Goh, 1984) . When the equilibrium reaction between ammonium and ammonia (NH 3 ) in soil solution promotes the NH 3 production, it is likely NH 3 to be lost to the atmosphere, increasing the risk of environmental impact through eutrophication of surface water and acid deposition (Sapek, 1996) . The NH 3 -N volatilization is enhanced by high soil pH and temperature, elevated wind velocity and low relative atmospheric humidity (Van Horn et al, 1996) . In soils with alkaline pH in the surface, NH 3 -N volatilization losses from cattle urine ranged between 34 and 50% during the summer and only between 7 and 10% in winter because the higher temperature in the summer time accelerated the hydrolysis of urea and subsequently promoted the NH 3 volatilization (Videla et al., 1994) .
Urease is an extracellular enzyme which secretion is not induced by urea. Urease is very distributed in nature and it has been found in microorganisms, plants and animals (Tabatabai, 1982) . In soil, urease can be degraded by proteases or be associated with humus which impedes its denaturation, and extend its lifetime (Zantua et al., 1977; Mulvaney and Bremner, 1981; O'Toole and Morgan, 1984) . The urease activity in soil is affected by pH, temperature and moisture, and it is directly linked to soil organic carbon content (SOC) (Reynolds et al., 1985) . In Mollisols (Typic Natraquoll) under grassland vegetation, the values of urease activity ranged from 55 to 154 mg N kg -1 h -1 , and were highly related with SOC, total N, cation exchange capacity and soil pH (Ferrari, 1995) .
After urea hydrolysis, the ammonium concentration increases (Haynes and William, 1993) . Several studies conducted on FL systems have found that ammonium concentrations to be as high as 100 to 250 mg N kg -1 at 10 cm soil depth (Ball et al., 1979; Carran et al., 1982; Sherlock and Goh, 1985) and from 500 to 1000 mg N kg -1 in the surface 2.5 cm (Vallis et al., 1985) , which were higher than those normally found on grasslands with no intensive livestock production (Norris, 2000) . Ammonium is not a very mobile constituent in soils because it participates in cation exchange, but upon exchange site saturation, NH 4 -N can then be leaching (Vaillant et al., 2009) .
After the deposition of ammonium from excretions, it can be mineralized to nitrite by specialized microorganisms (Nitrosomonas) and then rapidly to nitrate by Nitrobacter, in aerobic conditions. Nitrate is a very mobile anion since it is repelled from soil colloids having negative charges and it therefore remains in soil solution where is subject, among other processes, to leaching (Vallis et al., 1985) . The environmental impact of nitrate leaching has a negative effect on human health, not only because can pollute the groundwater needed for human consumption but can also deteriorate the quality of the aquatic environment. The nitrate-N losses through leaching depend on the content of nitrate-N in soil, which changes through the year in agreement with the stocking rate and weather conditions.
In a FL located on calcareous soil, concentrations ranging between 1.7 and 5.0 mg nitrate-N kg -1 and between 245 and 348 mg ammonium-N kg -1 were reported at 10 cm soil depth (García et al., 2006) . These concentrations decreased to 0.1 -2.6 mg nitrate-N and 6 -7 mg ammonium-N kg -1 at 60 cm soil depth. In a FL located on a typic argiudoll soil, nitrate-N concentration was 15-50 mg kg -1 and ammonium concentration was 40-60 mg kg -1 at 10 cm depth, whereas at 60 cm depth, these concentrations ranged between 10-20 mg kg -1 and 10-40 mg kg -1 , respectively (Andriulo et al., 2003) . 
Materials and methods

This
Soil analysis
Fresh soil samples (0-10, 10-20, 20-40 and 40-60 cm) were extracted 1N KCl shaken for 1 h in a reciprocating shaker at 170 rpm, placed in plastic containers of 250 mL, and then filtered through Whatman N°1 filter paper. Inorganic N (ammonium and nitrite + nitrate) was determined in these extracts by steam distillation in the presence of MgO and Devarda´s alloy (Bremner and Keeney, 1965) , and N-Urea was determined by using the colorimetric technique of Mulvaney and Bremner (1979) . On air-dried samples collected at 0-10 cm depth and sieved to pass through a 2 mm sieve, soil pH was determined in a soil:water suspension (1:2.5) using a potentiometer and organic carbon (OC) content by the wet combustion procedure (Walkley and Black, 1934 ).
In the air-dried 0-2.5 cm samples collected during the first sampling (November 2006), was determined urease activity (Tabatabai and Bremner, 1973) , quantifying of N-NH 4 + produced when soil is incubated with a solution of urea and toluene at 37 °C for 2 h.
Ammonium-N was quantified by steam distillation
with MgO (Bremner and Keeney, 1965) . During the assay, pH was not adjusted with buffer solutions in order to determine the maximum hydrolysis that can be produced by soil at actual pH. Toluene was used as a bacteriostatic, to inhibit the secretion or release by bacterial cells lysis of the urease enzymes during incubation.
Statistical Analysis of Results
The effect of sampling areas (FL-High, FL-Low, Pasture and RA) on the quantified variables was analyzed separately for each sampling depth using a SAS/Mixed procedure with RML estimation method.
The used model considers the fixed effect of sampling areas. The random effects were modeled through the correlations among repeated measurements over the time (sampling time) subject to sub-sampling site, and included the random effect of subsampling.
The error term was evaluated with various variance and covariance matrices, selecting the array that had lower Akaike criterion for each variable (SAS, 1988) . Mean comparisons were carried out by using the Tukey-Kramer test with an established level of significance of 5%.
Results and discussion
Surface soil pH values (Table 1) (He et al., 1999) and, therefore, the rise in pH upon hydrolysis of urea from animals urine may have not been regulated by that loss. In spite of significant differences among sampling areas and months (p<0.05), urea concentration in soil was always low, ranging between 3.5 and 6.0 mg kg -1 ( (Muck, 1982) . The total decomposition of urea might occur within 6 h at 30ºC or 24 h at 10°C when urease activity was very high (Muck, 1982) , which justifies the low content of urea in systems having a high con- (Pordomingo, 2004) in the FLLow, justifies a higher ammonium average content as a consequence of the rapid hydrolysis of urea by the urease. In general, the conversion of ammonium to nitrate tends to rapidly take place in the soils of the region as a result of the elevated urease activity (Ferrari, 1995) and to the amount of nitrifying bacteria (Navarro et al., 1980) The elevated concentration of ammonium coupled with high temperatures (Ferguson et al., 1984) promotes N losses by NH 3 volatilization. Domingo et al., (2010) recorded cumulative NH 3 losses of 60 kg N-NH 3 ha -1 during a four-day period, in October and at the same FL, which means it is possible for the same process to have occurred at the FL-Low, mainly in
February. Quantification and forecast of NH 3 volatilization would turn out of major importance in FL systems since they are considered the greatest NH 3 contributors to the atmosphere, causing enrichment of N in unwanted areas, an increase in acidity, and particle deposition (Steinfeld et al., 2006; Fen et al., 2003) .
The nitrate concentration in soil ( and soil pH (Stevenson Cole, 1999) and that, during February, a high stocking rate was combined at the FL (85 AU on average) alongside a maximum average temperature (21°C), and there was also an increase in precipitations compared to the previous month (Figure 1) . This behavior was even more pronounced in Figure   1 ) generated a marked difference in partial pressure of NH 3 between soil and atmosphere encouraging the NH 3 volatilization process (Ferguson et al., 1984) .
The presence of Nitrate-N at a depth of 40-60 cm justifies the need of conducting a more thorough research study on nitrate leaching in feedlot systems since they constitute potential groundwater contaminants. Andriulo et al., (2003) found 40 mg kg -1 of nitrate in soil at 70 cm depth and groundwater contamination in two wells within a short distance from each other, although they concluded this would not necessarily imply the fact of the underlying aquiferous being contaminated.
Conclusions
The intensive beef-production system without control of sewage disposal of solid and liquid effluents eventually lead to significant modifications in soil N distribution, which varies over time according to weather conditions. The high rate of urease activity in feedlot pen soils prevents accumulation of urea, which led to low concentration of this constituent in all of the areas assessed. Notwithstanding, Nitrate-N and Ammonium-N content were always greater in feedlot pen soils than in control area, although they were highly-variable based on the position of the land, the distribution of animals within the pens and weather conditions. Nitrate-N concentration was higher in feedlot pens than in the control area, even at the maximum depths assessed, which highlights us about the need of further investigate the potential impact on groundwater. While no differences in concentration of ammonium N from the pasture and the area of control runoff, nitrate-N concentration in the first 10 cm of soil is higher in the runoff area due to surface transport process from the feedlot.
